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Because the high ~requency Carrier Electron:Tubes (436A,437A, and 
448A) were exhibiting several characteristics· that were detrimen·tal to 
tube manufacture such as· low test yields, belownamjnal test :parameters- ~ 
and diff~culty of activating and aging, it was proposed to#evaluatethe 
.. 
use of a modified triple carbonate c~thode coating with a reduced.per-
centage ·Of calcium carbonate (3.1i) in place o:f the double carbonate 
cathode coating that contain·s, no· calcium carbonate as the emission 
material. 
T.tiis modifi¢4. tr.tple carbonate catho~~ coati-:pg ·was introduced into 
approximately 50cfo of the production for a period:of· several months; the 
remainder of the production made with ·double caroo.nate coating was used 
as the controls. 
Evaluation of' indiv~dual r.eadings and th.~. _plo~·~ :of life tests 
together with production data for this pe-riod clearly show that 
' .: 
experimental tubes were superior to control·tubes. The experimental 
tubes exhibited nominal·tube.parameters ( using plat~ current, ·trans-
conductance and activity as indicators) and proved: this coating can be 
readily activatedl\and aged. Dµ.ring long life test experimental tubes 
. " 
maintained superiority over control tubes showing that this coating 
---
has long li~e properties. 
Test yielq.s- on each code improved when modified triple carbonate 
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- ~ cathode coating was used. 436A yields increased .. from 58.7% to 8i.01,; 
- 437A yields from 75.i'f, to 87 .o'I,; and 448A yieids from 63.8% to 71.6%. 
Correspomdingly·the transconductance distribution for these codes ~ . 
., 
improved to. a favorable centered diatribution. 
'. The results of these investigations show that ihe modified triple 
carbonate cathode coating is a better material· for tube manufacture 
since it has a low work function, a g~eater current density per square -·' 
centimeter of active cathode surface and a slight gettering property. 
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I. ·Bac~ground· and Object. 
• 
'\ 
. .f9. -
Triple carbonate cathode coating has long been noted for its fast 
activation and short time ~ging prope.rties. These properties are att- · 
ributed to calcium carbonate ( 7% by weight) in the mixture·o~ strontium,_ 
barium and calcium carbonates. 'This type of cathode coating was used by 
. ) 
<· 
Western Electric several years ago in the manufacture of electron tubes 
.. 
together with a cathode.made from Inco- 220 material. Although initial 
•• 
test results of this combination were good, tubes exhibited very short 
life; failures occurred before 1000 hours of tube life because calcium 
in the coating combined.with impurities in the catAode to form an 
.J 
·. .interface impedance between the cathode surface ·and coating thu·s re-. 
·f duc.ing cathode emission properties. 
'\ 
•.•. -·-··-· 
To improve tube life a double carbonate cathode coat'i:ng ( mixture 
of barium and strontium carbona:tes ) was developed but- was much harder 
to activate, required much longer periods· of aging and resulted in lower 
tube yields. This longer life feature partially offset the increased 
manufacturing cost of the tubes. A high pu!ity cathode nickel material 
developed ·by Bell Telephone _Laboratories and containing 2% tungsten for 
strength and ·>long life emission ,.was introduced into electron tubes that, 
-.. . . 
. :"> • . \ ~ ' ' • 
•I' - .-.. • •• - • • _,, • - ,.,. 
'still use·d double carbonate cathode coatings. This agaip. resulted in a 
' 
·~ product having long life properties but was much harder, and took much 
longer, to activate and age and again r~duced_ test yields. Plate current 
• 
and transconductance levels onithese tubes were low initially and grad-
ually approached nominal after long hours of use·. CJ;langing parameter 
levels required. that. equipment in the field be readjusted peri.odicall,:. 
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. . . . ~e object of this .investigation was to determine if a modified 
triple carbonate cathode coating with a reduced percentage of. cal~ium 
carbonate, 3.1%· by weight, in.the carbonate mixture when used with a 
~ high~ purity cathode nickel produces long life electron tubes, eliminates 
interface impedance an~ activates and ages readily. 
II. Materials. 
The following fable 1 _c~pares the percentage of elements contained 
. ·' in.· the high purity c.a thode nickel, used in the experiment, with those of 
Inca- 220 nickel. 
Table 1. 
Composi ti.on of High Purity Cathode Nickel 
and Inco- 220.Nickel. 
Per Cent 
. .- ~'"' High Purity 
Element Min. Max. Min. 
Copper 
-- 0.005 
--Iron 
-- 0.005 
--Manganese 
-- 0.005 
--Carbon !1119 -- . 0.003 
--Silicon 
-- 0.005 
--Sulfur 
-- 0.001 
" --, ... Titanium 
.-- 0.005 
--Magnesium 0.027 0.037 ;,·-... 
--Tungsten 1.800 2.200 
Oxygen 
-- 0.001 
Hydrogen---·-·-· 
--- 0.001 
Nitrogen 
·---
-- 0.001 Cobalt 
-- 0.005 Nickel Remainder 99.0 
\ 
.. , 
l ••• 
4. .• 
.. 
Inco- 220 
Max. 
0.100 
0.100 
0.200 
o.o8o 
0.050 
0.080 
0.050 
o.oBo 
., 
•· . 
I. 
. ' ,, . . . . : ,,, . 
. It r·J· ·'·,I· • . 
I• ,•, ~ , . ' 
.. 
.• · 
.• 
·.• 
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{ .'' • , '·,, I -- I I i 
' . . . . ' , 
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.......... 
• • .i . 
. . 
. ... ··:· . 
. .
·- The carbonates used--in this expe:riment wer~ standard double 
' . carbonates and a modified triple carbonate cathode coating. 
The double carbonate mixture c·ontained the following materials: 
2265 ± 19 grams Strontium Carbonate ( 55%) 1850 ±.10 grams Barium Carbonate ( 45%) 3340.± 10 ml Nitrocellulose Solution( Binder) 385 ± 10 ml .Amyl Ace·tate. 
These materials were-milled and ground to the proper particle size. !he 
. ' 
. :.I;.·. -
... 
.. , .. , 
'J. . I ,,, I solution was then transferred to glass bottles and rolled again to 't< 
insure proper particle suspension. .- . ... 
The modified triple carbonate mixture c·onsisted of: ~: "\t1et solut-ion. 
of' the double carbonate mixtv.re and a triple carb.onate: soJ.utJon 
containing: 
1410 ± 10 grams Strontium Carbonate { 44%) 
~570 + 10 grams Barium Carbonate { 49%) 220 ± 10 grams Calcium Carbonate { 7%) 2600 ±_-10 ml Nitrocellulose. Solution · 
· 240 + ·10 m1·Butyl Cellosolve. 
The following carbonate mixture by weight resulted: 
Strontium Carbonate = 2265.+ 1410 
Barium Carbonate = 1850 + 1570 Calcium Carbonate 
- 0 + 
Total 
-aiiQi: the percentage of each element: 
' l--'' 
Strontium Carbonate= 50.1% 
Barium Carbonate = 46.8% 
Calcium Carbonate - 3,1%. 
I 
220 
- 3675 
- 3420 
- 220 
- 7315 grams 
; fl: 
-
' 
-·· 
The 436A, 437A and 448AHigh ~equency Carrier Elr,ftron Tubes were 
. 
. ~ 
. 
-used in this experiment. The 436A {tetrode) and the 437A (triode) are 
designed prima.irly for output amplifiers in th:e Western Electric L-_3 
5. 
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· 'tandem two stage ani.p1ifier. · !Ille 4Ii8A(tetrode) is designed primarµy 
for use as an amplifier.in them Radio Relay System. 
· .. ·-, 
\" I 
·,. ,, '., - . -
__ -- __ .-. - .. , ·- ·-· ~--N -
. '. ·' 
.. ., 
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--- -
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Each of these ··tubes uses th~ same heater and cathode. The cathode 
" 
-. 
geom~ is of the flat type and has an active coating area of 0.887 
squa·re centimeters. Nominal operating voltag·es are: 
. 436A 
Ef(Vac) 6.1 
Eb(Ydc) 190 
Etcl(Vdc) 7.5 
Ec2(Vdc) i90: 
Rk(obms) ·31·5 
437A 
6.1 
160 
7.5 
.. ___ 
.262 
·~ 
448A 
6.1 
135 
9.5 
135 
323 
Filament Voltage 
Plate Voltage 
Grid Bias 
Screen Voltage 
Cathode Bias Resistor.-
Table 2 list,$: ·t:tie: ~p:ortant· tube test parameters mea:su_r~q.. for ·h;;,: .. 
each code. 
If (MVac) Min. 
Nominal 
Max. 
Ibk (uAdc) Min. 
Nom\nal 
Max. 
!cl ( uAdc) Min. 
........... _ - Nominal 
'Max. 
' '~ ' 
Table 2~ 
~be--Test Parameters. 
436A 
417 
442 
467 
--
--
20 
0 
- 0 
-0.4 
:.1.· 
6 •. 
437A 
417 
442 
467 
--
-·-· 
0 
0 
-o.4 
~: 
... 
448A 
417 
442 
467 
--
--
20 
Q_ 
0 
- , I. 
..;·o .• ".I:' 
Filament Current 
Heater Cathoq.e 
Leakage Current -
Gri~ Current 
I 
. ,, 
. '\;,·,·,~;;""~ .. 1-j, ·.,.: \_::·),:•l·,'f, '. 
'···, (·.: .. '·.". 
I ,i' 
·-·.. ' .......... 
,. 
"'-' 
. ~. 
'I 
r 
. . . ' . ~ ,:· 
- ' . l 
. . ' . 
Ik· {MAdc) · Min. 
Nominal 
J. Max. 
Ic2{mAdc) · Min. 
Nominal 
Max. 
Gm(t1mbos) · Min. 
Nominal 
Max. 
.~ . . 
. '~11...,., 
. --, ....... 
: .; .. __ -;' 
··: .- •I 
~ .... : .. ~ .. -- .' . 
'•. . ' 
Table 2· · Continued. · · 
26.2 
·28.4 
3'1.5· 
--8.2 
10.0 
25,500 
30,000 
34,500 
--
........ 
--
39,500 
45_,500 
50,500 
I ' , 
"\ .. 
' . 
31.7 
33.4· 
35.7 
'. 
---
8.75 
10.0 
26,100 
30,900 
35,900 
' . _,._, ... --- - . 
. •----..\-t', ., 
'·, . 
' -
...... 
' 
. 
·cathode Current 
Screen Current 
.. 
Transconductance 
Delta Gm Min. 
--
'(%) Nominal 1 .. 0 
Max. 14.0 
---
7.0 
- -- 12.0 
--
5.0 
_15 •. 0 
Activity( change in 
Gm.when the filament 
voltage is changed 
from 9.l.V to 5.5v. 
]~II. Procedure 
-The major porti':cJii of work in this experimant ( complete testing and 
life testing) was :.performed on the 437A ~lectron Tube. 
Sma.11 quantities of 437A Electron ·~bes wtth modified triple. _·carb-
. . 
. 
. onate coatings were introduced_ into production with regular product 
used as the controls. The test results on the initial run were excellent, 
the experinemtal tubes had higher yields and nominal tube parameters, 
and ten tubes were selected for long life testing aihong -with ten controls. 
This data is shown in section IV. 
·-Based. on these initial test results, the mai-n evaluation was· 
-
started covering a period of approximately six months production; 
. ~ 
-the triple carbonate coatiµg was first introduced into 437A and then 
into the lj36A and 448A Electron Tubes. Approximately 50% served as control 
tubes and 50% as experimental tubes using the modified triple carbonate 
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csthode coating. '~· ) 
1--.f-_• 
' 
All test data for the 437A initial test and life t.est.e were 
obtained on the standard Western Electric Engineering Bridge test set . 
•. 
. . 
{no. 1-1293) .- Life tests were conducted- on ·Experimental Engineering 
Life Rack (no. 90-565); tubes were placed on continuous operation a~d 
· removed only for periodic parameter checks. 
··- . 
. · · Production runs during this period for both double ~nd triple carb-
., 
onates on 436A, 437A and 448A tubes were tested on regular manufacturing 
test sets by shop personnel under eng_i:neering supervision. 
IV. Data. 
Pages -12 through 32 list the c~p·l~te -:t~E?s.t data taken :dur-ing ·the 
experiment. Pages 12 through 19 gfve· iIJ.d_i.viq.ual ·l . ife test readings 
' ( 10 experimental tubes and 10 control tubes) i;nade during the initial 
experiment using 437A Electron Tubes. Life tests started on 1/31/68 
with subsequent readings taken at 168;336;504;672; 84o;1,oo8;1,680; 
2,016; 3,200; 4, 570, and 5000 hours. The ·5, 000 hour reading was taken on 
9/12/68. Page 20 shows average readings in tabular form for ea.ch of 
these test dates for plate current, transconductance, activity, amplif-
.. 
• I 
ication fac_tor, contact potential and interface resistance.-These average 
figures are plotted graphically on pages 21 through 25 for each para-
\ 
meter except interface resistance. Average readings for the eXPerimental 
. 
-
. 
and control group are plotted for each life test check ,point together 
with the high and the low reading. 
" Individual test lots are shown on pages 26 through 31 • Page 32 
• 8 • 
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• I' 
·r· ;,:o·: 
.. ~ s11:rnnlarizes shop 'test r~'sul t·s a.nd lists. regular. life:· test and long life: 
• 
· t~s-t s11mmary during this period through October 1968. \.. 
·v. Evaluation. 
. .., As seen from the -individual readingE> and graphical plots of the 
. 
-5,000 hour life test conducted on the 437A Electron Tubes, the·modified 
triple carbonate cathode coating has produced long life tubes. Also the 
cente.red tube parame·ters shown on the initial test= indicate that this 
coating is readily activated and aged. 
During the 5,000 hour life test experimental tubes maintained super-
.i_ori ty· ove.r control tubers·; absence of interface resistance between the 
modified triple carbonate coating and high purity nickel cathode material 
produced·an improved electron tube • 
'\ In addition, experimenta:L tubes exhibited higher positive contact ·. 
\ ~ _p:otential, pl,,,ate current and transconductance leve1s th-roughout life (/ J 
\ 
testing. 
Regular produ·ct}.o;n data also confirmed that t·est yields of .... each . 
code improved with the modified triple carbonate cathode coating. 436A 
yiel·ds increased froiii 58.7% ·.to 81.0%; 437A from 75.11<, to 87.oa/o; and 
448A from 63.8·% to 71.6%. At ·the s~e · time the transconductance distrib·-
ution for these codes, as indicatea. by high cell, mid cell and low cell 
groupings, ~proved, especially on the 436A and 437A, to a favorable 
' 
, 
centered distribution •. 
I ,•-• ' Life tests taken on regular production tubes_ during this period 
. (tubes o~ life being a mixture of experimental and regular production) ,;· 
9. 
I . 
~I ,, ~ • • 
I 
' I . 
... t •. ' ' 
.. 
j 
•. 
1· 
I 
t ' 
. -
\_,. ~ 
' ' 
I "'f . 
. ' ' 
. 1· ' I ... I I 
indicate no failures ·to date· which again ·sµppor.ts results of the initial 
life test. 
' . 
A total of 16,100 electr_bn tubes were- evaluated. during this exper-
. im.ent; 52% used the mod-ified tr-iple carbonate coating. Resu).ts of these 
-
~ investigations has·led to authorization for 100% use of this cathode a 
-
·coating beginning in December in production of the 436A, 437A and 448A 
"!- •• 
Electron Tubes at Allentown. 
VI. Conclusions. 
'•:"" 
This evaluation has shown that the :mo~if':ied~. tr'iple. ca.rb.onate 
cathode coating containing a reduced percentag~ ·of calci~ carbonate 
( 3. l'fo) when used with high. pu_:ri ty cathode nickel produces long life 
electron tubes, eliminate~ .in:te.rface impedance, actiyates and --ages 
readil-y, and:-produees nomina·1 tube parameter· levels. 
The main.factor that makes this modified triple carbonate coating 
superior to the double carbonate coating is the use of calcium carbonat~ 
in the mixture; enough to produce activation but not to much to dev.el·op 
interface impedence during life. 
Aq.vantages of _the modifj;ed t·r.J.:ple carbonate coating over the double 
-carbonate coating are: 
.. 
A. I-t has a lower work functi:on. The average contact potential . 
(the amount of ~_rl_d vo.~ttage required to draw __ ,o~e mic:r:,9-
·ampere of grid current with zero plate voltage) is positive 
I ' " 
plus o.47 as compared. to plus 0.23. 
B. The current density per square centimeter of active cathode 
•' I· 10. 
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. 
surface is greater (40. 7 .. "!fJA.dc.t~2 as compared· to 37.8: 
C. The use of .calcium carbonate supplies a gettering action to 
the coating ·which helps to neutralize deactivating agents 
-in the tubes producing h.igher ·plate current and_ trans-
conductance levels. 
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- 437A Life -·~st ....... Results .. 
-
.ze·ro ·Hour Readins. -~ 
~ 
, I xK 
-Tube·. Ia. Ib. Gm. Mu. Eel. Ec2. cf, Icl. Ihk • Cp. Ri. , 
-
. 
--Double 
1. 449 33.!6 43.4 4o.4 1.42 1.21 7.7 <,01 .5/0 .25 0 448 33.7 45.0 41.2 1:~3 \ 
.5/0. 2 •. · 1.32 7.7 (.'-01 .30 0 3. 448 32.8 44.o 4o.6 1.18 1.06 10.2 <.01 .5/0 -.01 ·o . . :4 .• : ·450 32.2 · 43.0 41.9 1.02 0.90 11.8 (.Oi • 5/0 .13 0 ,. 5. 448 __ 33.5 42.0 39.3 1.38 l·.27 ·a.o (.01 .5/0 .20 0 . . . 6 •" 449 33.7 45.2 4o.6 1.43 1~31 8.4 <-01 . 5/"). .25 _ 0 '• 
.1. 449 33.5 42.3 40.2 1.40 1.26 10.0 (.01 · .5/0 .18 0 8 .. ' 447 34.o 4~.3 4o.3 1.51 1.38 8.6 (.01 .5j'j/ .32 0 
·9.• 453 .33.9 45.6. ·40.2 1.49 1.37 8.1 <.01 o/o .25 o· 10·. 454 35.0 46.o 39.5 1.77 1.65 6.8 ,.01 o/o .41 0 ~-
Ave .. 33.6 44.1 4o.4 8.7 .93. 
Triple 
. 
1. 4·50 36.1 42.9 39.6 2.04 1.92 5.9 (.01 .5/0 ~30 0 2. 450 35.0 44.o ··42.2 · 1.78 1.66 6.7. (.01 .5/0 .37 0 3··· 439 36.3 44'.6 .. 40.1 2.09 1.97 5.7 <.01 .5/0 .56 0 4~. 448 36.8 46.3 39.5 2.23 2.12 4.9 (.01 .5/0 .59 0 5 .•. 451 36.2 48.7 39.5 2.0.7 1.96 5.3 (.01 .5/0 .34 0 6·:,.· 449 36.3 46.3 39.4 02 .10 1.99 5.2 <.01 .5/0 .. 46 0 
'7 449 36.2 45.7 40.4 2.07 1.97 4.8 (.01 ~ 5/0 . ~? - 0 ' .. 8.: 447 36.1 45.8 39.7 2.07 1.95 5.8 <.01 .5/0 .48 0 
.9·. J+48 36.4 46.o 41.5 1.94 1.83 - 5.7 <.01 .5 'o .58 0 10.-. 444 35.6 46.o 41.5 2.15 2.04 5,.1 (.01 .5/0 .49 0 
Ave. - 36.1 45.8 40.2. 5.5 .) .47 
i68 Hour Reading. 
Double 
1. 448 33.8 44.o 40.3 .1.49 l.4o 6:.1 (.01 o/o .~3 ~ 2. 445 33.0 45.4 41.2 1.29 1.20 7.0 .(.01 o/o .41 3. l"-444 33.4 45.8 40.4 1.37 1.28 6.6 (.01 o/o .19 4 .. 448 33.4 44.6 . 41. 7- 1.39 l.3Q 6.5 (.01 o/o .09 5:• 447 34.2 44.2 - 39.2 1.59 1.50 5 •. 7 <~Ol o/o .22 
·-·. 
·6. 445 33.9 44.2. 40.2 1.52 1.40 7.9 <.Ol 0/1 -~·9 
·7 ·_· - 448 34.1- 44.2 39.7 1.56 1.44 7.7 (.01 o/o .12 ..• :e,. 443 34.3 45.3 40.1 1.61 1.50 6.9 ,.01 o/4 , .31 
.:9·. 446 .. 33. 5- 45.8 40.1 1.39 1.30. 6.5 (.01 0J5 - .29 iO. 445 34.5 -46.o 39'.4 1.67 1.56 · 6.6 t.01 0/2 .• 37 
Ave. 33;8 45.0 4o.2 I 6.8 .25 
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. 437.A. ·t1:re · ·'!'est R~adings - -·--.-=- ·. I . •. l • t I , 
: 
'~ .. . i 
l 
·. ,. p ! 
xK 
. 
-Tube. Ia.: ·Ib.· Gm. . Mu. Eel. Ec2 • 'lo - Icl. ··Ihk. Cp •.. Ri. 
-
m:vw.ple 
448 .. • I 1. . . 35.7. 43.6 39.6 2.91 1.91 5.0 t'.01 oj5 .34 
.. 2. 448 . 35.4 44.3 41.8 1.93 1.82 · 5.7 <.01 o/o .45' . M ') ·h• 3. 435 36.4__ "44.4 39.9 2.rr.9 2.o8 5.0 '(.01 o/o .61 4. 445. 36.5 45.6 39.4 2·.28 2.18 4.4 (.01 o/o .70 
. 5. 447 35.5 48.o 39.6 1.95 1.85 5-·~2 ,.01 0/5 .26 6.' 445 36.0 45.5 39.5 2.07 1.98 4.4 ,01 
~0J5 .43 7. 447 35.1 45.1 4o.6 1.82 1.74 4.4 (.01 o/o .40 a·. 443 35.9 · 45.8 39.7 2.04 1.94 4.9 <.01 0/1 .43 9. 443 39.9 41.~ 39.6 2·.13 2.03 4.7 <.01 0J5 .61 10. 441 35.2 45.4 :41.6 1.84 1.74 5.5 <.01 o/o .50 
Ave. 
. 35.8 45.5 40.l 4.9 .47 
336 Hour. Reading., 
I, 
Double 
1. 1-: 4t.,.7 33.7 43.9 40.4 'l.:47 1.38 6~1 .. <.01 o/o .·:14: 2. 446 32.8 ~5.1 41.4 1.22 1.13 7.4 (.01 _ o/o .42. 3. 445 33.5 45.7 4o.6 1.40 1.31 6.4 (.01 o/o .34 
. 4. 449·. 33.4 44.3 41.7 1.39 1.29 7.2 (.01 o/o -.06 5. 446 . 34.1 44.3 39.2 1.57 1.48 ,5. 7 (.01 o/o .25 6. 443 33.7 44.2 ~0.3 1.48 1.37 7.4 <-Ol o/o .36 7. 445 33.7 44.1 39.9 1.50 1.38 8.o <.Ol 0/0 .10 8. 444 34.2 45.3 40.2 1.59 1.49 6.3 <.Ol e/o .25 9/ 447 33.4 45.8 40.1 ,' 1.39 1.29 7.2 (.01 o/o .28 10. ·445 34.5 46.o · ~ 39.6 1.66 1.56 6.o (.01 o/o .37 
Ave. 33.7 44.9 40.3 6.8 
.2.5. 
Triple 
1.· 447- 35.6 43.2 39.8 1.94 1-:84 5.2 ,01 o/o .30. 2. 446 35. 7 44.2 42.0 1.97 1.87 5.1 ~01 o/o .49 .~ .. 3. 435 36.4 44.3 4-0.l 2.16 2.07 4.2 (.01 o/o .64 if •. 444 36.7 45.5 39.6 2.25 --2 .15 4.4 ,01 o/o .68 .. 446 47.8 1.84 4.2 o/o 5. 35 .. 5 39.7 1.92 <.01 .-27 :6· .• 443 36.0 45.5 39.7 2.03 1.95 3.9 <.Ol- o/o .44 7. 445 35.9 46.1 40.0 2.01 1.91 5.0 {.01 o/o .4o 8. 445 36.1 46.1 4e.o 2.01 1.91 · 5.0 (.01 o/o .50 
::::0--9. 444 36.1 47.1 4o.o :J1~97 1.97 4.8 <.01 o/o .64 -
--10. 443 35.1 · 45.3 41.9 1.79 1.70 5.0 (.01 0/1 .61 -· ! 
Ave. 35.8 45.4 4o.4 4.7 .50 ... ·.-
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437A 
! ~ 
~~ Life Test Results. V:• 11 'I ),:_ 
t;;, 
):-. - p;~ 
~'B'.' <. ':8' 'd:..,,' 
'I~ fii 
,..,• /~ I' / :if' . . . . our . ea: ·in:s. 11, xK - . .(Ju. •I~ Tube. Ia. IQ. Gm. Mu. Eel. Ec2 .• i· ·rel. Ibk. Cp. Ri .• 1•;, '.1. l'1 ',~; 
ttl· .. ;\:I ~ 
It~:':· 
,, 
Double ·- ~J t" ~!: 
_·447 43.6 40.5 1.44 1.34 6.9 o/o !,l ,!4~t:· 1. 33.7 l.01 .11 0 +1 
r:.-'" 
:,;r 
)t~.' .. 444 32.·8 45.1 41.6 7.9 o/o_ .41 m .r:, 2. 1.19 1.10 <.01 0 .~';·: ti\ f. 
\.:..~; ' 445 33.6 45.6 40.7 1.39 1.30 6.5 o/o .40 {\i 3. (.01 0 :·1 i:7~· :\J: f). 
,"j :4_, 448 33.5 44.1 41.8 1.39 1.30 6.5 (.01 o/o .11 0 i/1 .;11)1: ~~:-:: j :!"/ 
··i:;--·. jiJ 
~f. - -~-, 5·~ 447 33.9. 43.5 39.3 1.49 1.39 6.7 ~.01 o/o .30 0 q 
:, ' 6-. 4o.6 \:l '1·- 443 33.8 44.1 1.46 1.35 7.5 (..01' o/o .33 0. ,. -,i-:. i.., ~~- ::'l ',..' 445 34,o 44.3 40.1 1.40 o/o i;-, ·7:, 1.51 7.3 (..01 .15 0 ~'I, ·:,:·· ,. i·,:::1 t .... , h~ 
'.\f-;;' 
,.a: •. 444 34.1 44.7 40.3 1.56 i.46 6.4 (.01 0/1 .28 0 \J :-.t. ''! " j.? :.~j 
·u·· 447 33.6 45.8 40.2 1.37 1.29 5.8 <.01 o/o .31 0 (~· 9 ,J ~:-,: :,:/ . '·• !1; 
.. 
.I :· 445 34.5 46.o 39.8 1.66' 1.56 -6.o 0/1 .36 !cl t:· ·.lO .• <.01 0 ,, ~;1 ';-',,1 
I 
i'J 
'( 
~! 
' 
,t 
,. 
44.-7 6.-.7 ;-'I Ave·. 33.8 40.5 .28 ti '!\ 1~ lJi 
r 
",.: ~ ·.· :,- Triple 
l .• ,443· 35.7 42.3 4o.5 1.91 "1.82 4.7 ·< .01 o/o .33 ·() 1J ,., ... ?i 
2. _44· 35.4 43.8 41.6 1.91 1.82 4.7 <.01 o/o .45 ·() ,,1 ...... ,' 7 ,.·:1 f.°:""i 
43.5 36.3 44.3 40.7 2.-ll 2.01 4.7 <.01 o/o .65 ':() L'·~ 
.3:• '.i" ',: ;;_),; 
4 .•. 445 36.6 45.5 41.8 4.i o/o 
''( 
2.19 2.10 <.01 .71 0 ~t'. t/ 
·448 35.6 47.5 1.83 4. 7· o/o 
·.•1 
5.-.• : 39.3 1.92 < .01 .29 o: !.! .' .:-:~ ~-=' ,, 
6. 444 36.0 45.7 4o.6 2.03 1.95 3.9 <.01 o/o .50, 0 /oa!. ' \· 
' 
lj~ 
1.-• '446 34.9 44.8 40.1 1.73 1.65 4.6 (.01 o/o .44 0 L' C i•i· I !','., 
a·._, 444 35.7 46.o 40.3 1~'96 1.86 5.1 ,.01 o/o .50 0 t: '.t 
' 
.-"! 
9. 1*45 36.0 46,8 40.2 2.05 1.95 4.9 (.01 o/o .66 0 I' ~ '. j;: 
10 ..... 441 45.3 39.8 1.78 4.5 <:.01 o/o .67 
,,, 
35.0 1.70 () ., L l~ 
' 
'· ,, 
( 
' ... ,. 
45.3 40.5 .4.6 Ave 35.7 .52 I· I 1· ,. 1· ;,; 
\: 
672 Hour Reading. 
~ 
Double 
1. 445 33.8 4~.6 4o.· 5 1.50 1.39 7.3 <.01 o/o .07 ~ .... , 
2. 443 32.8 44.7 41.6 1.18 1.11 5.9 <.01 1/0 .36 
-
-3.• 442 33.6 45.3 4o.7 1.44 1.33 7.6 <.01 o/o .4o 
4 .. 4-47 33.7 44.1 41.7 1.45 1.34 7.6 <.Ol o/o .05 
5._ 447 34.o 44.2 39.5 1.54 1.44 6.5 < .01 o/o .26 
.6:. 441 33.7 44.3 40.5 1.46 i.35 7.5 (.01 o/o .23· 
7 I, 445 ---34. o 44::2 40.1 ~l. 55 1.44 7.1 ( .Ol o/o .12 
8.:. 442 34.1 44~·5 40.2 1.57 1.47 6.4 .01 o/o .26 -
9. .. 445 33.5 45.3 40.1 1.39 1.29 7.2 <.01 0/1 .28 
10. 445 34.5 45.6 39.7 1.67 1.57 6.o (.01 0/1 .·36 
,,. . - I 
Ave • 33.8 44.6 40.5 6.9 .24' 
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437A Life.Test,Results - .: ·.', . ":'':J l .,,. . .,· ........."""'' ·--
~. 
~-. 
xK 
,I {! 
~1 
Ec2. 1, Icl. Ibk. Cp. Ri. 
/f 
Tube. Ia .. Ib.' Gm. Mu. Eel-. 
}l 
f:.', (I 
':I 
~- I 
ii 
Triple 
(i 
, 
1-'( 
- . 
,,.,, 
444 35.4 43 .. 0 39.8 1.80 o/o .24 
~-: i 
1. 1.90 5.3 l'.01 
! ; 
-~ -~.., -
2. 445 35.6 44.2 41.9 1.96 1.86 5.1 <.01 o/o .36 3. -- 437 36.2 43.8 40.2 2.09 1.99 4.8 .01 o/o .60 4. 443. 36.4 45.1 39.7 2.15 2.06 4.2 <.01 o/o .64 5. 446' . 3 5; 8 -, 46. 7 40.0 1.89 1.79 5.3 <.01 o/o .23 6. 444 35.8 45.1 39,7 2.00 1.90 5.0 <-01 o/o .42 7.• 444 34.6 44.3 41.1 1.70 1.61 5.3 <.01 o/o .37 a. 444 35.,5 45.4 4o.i- 1.92 1.82 5.2 <.01 o/o .43 9. 444 35.8 46.4 39.9 2.01 1.91 5.0 <.01 o/o .60 1·0. 441 34.9 44.6 4a.1. 1.75 1.66 5.1 (.01 o/o .64 
.Ave. 35.6 44.9 4o.4 
·.5.0 
.45 840 Hour Reading. 
Double 
-~· 1. 445 33.6 43.7 40.7 Jl.45 1.35 :6.9 < .01 1/0 .05 2. 442 32.9 ·45.3 41.7 1.23 1.13 8.1 '.01 o/o · .35 3. 442 33.6 45.3 41.1 1.44 -1.34 -6.9 .02 o/o .39· 4. 443 33.4 43.6 41.8 1.36 1.26 7.4 .03 o/o -.09 
.. ' -. 
5··· 446 34.1 44.2 39.5 1.54 1.46 5.2 .02 1/0 .28 
..... 
:6·. 442 33.7 43.7 4o.6 1.45 1.35 6.9 (.01 1/0 .21 7 ... 443 34.o 44.3 40.3 1.53 1.40 8.5 .02 1/0 .12 ·ao.. 441 34.1 44.9 40.4 1.56 1.46 6.4 .02 o/o .27 ' 9: .. 445 . 33.4 45.5 4o.4. 1.38 1.28 7.2 .o4 o/o .32 i<l •. 444 34.2 45.5 39.8 1.62 1.58 2.5 .01 1/-0 .34 Ave-. 33.7 44.6 4o.6 6.6 
.22 
Triple 
1 . 445 35.4 43.2 39.8 1.8·9 1.79 5.3 f.01 o/o .25 
• 2. 445 35.5 43.8 42.0 1.90 1.80 5.3 <.01 o/o .28 -3. 437 36.1 43.9 4o.6 2.06 1.96 4.9 .01 1/0 .58 
~ 
lt. •. 444 36.2 . 44.8 39.6 3.8 o/o 
- ~59 2.09 2~01 .02 
_ .. 
.5: .• -- 448 35.8 _46.7 40.l 1.86 
.1.7~ 5.4 t..01 o/o .23 
.. : .:." . 
. 
6··. 443 35.8 45.5 40.1 -2.00 1.91 4·. 5 .02 o/o ..45 7. 444 34.7 44. 5 · Ll-1.2 1.71 1.61 5.8 .02 o/o .36 8 .. 442 35.5 45.6 40.3 1.92 ·1.81 5.7 <.Ol o/o • 39 --·-9,, 443 35.7 46.7 40.l 1.97 1.89 4.1 .02 o/o • 58 10. 441 34.8 45.1 42.3 1. 71- 1.62 5.3 <..01 1/0 ,62 -
Ave. 35.6 45.0 40.6 .. 5.0 
.43 -·d: 
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..... 437A L:l1:'~: Test Results ~- ·-
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• 
I• 
_l,Qo8 Hour Reading. 
-
:xK 
Tu.be. Ia. Ib .• Gm. Mu. Eel. Ec2.' 'fo Icl. Dik. Cp. Ri. 
,,. 
Double 
C 33.8 1. 443 43.4 ~0.7 1.45 .1 .• 35 6·.a .01 o/o, .12 0 2. 442 32.8 45.2 41.7 1.21 1.11 8.2 .01 o/o ~39 0 3. 442 33.i7r( 45.2 41.0 i.47 1.36 7.4 .Ol o/o .46 0 4. 445 33.6 43.7 41.7 1.45 1.35 6.8 .01 o/o .23 0 ... 
·5:. _!f.ll.5 34.o 43.3 39.6 l .. -52 -I.42 6.5 .fil o/o .43 0 p. 443 33.6 44.5 41.1 1.44 1.33 7.6 .01 e/o .25 0 
7·· ~ 445 34.o 44.2 40.5 1~54 1.41 8.4 .01· o/o .14 0 ... 
-8 .• 443 34.1 44.6 40.5 1.55 1.44 7.0 .Ql o/o .29 0 
: . .,., 9. 444 33.5 45.5 4o.4 1.38 1.29 6.5 .Ol. o/o .35 0 
.10·. 445 34.5_ 45.4 39.7 1.65 1.55 6.o .01 . o/o .41 0 
.Ave. ·33.8 44 •. 5 · 40.7 7 •.. 1 
.31 
'I'rlple 
42 •. 6. I. 443· 35.3 _39.·7 1.88 1.77 5.8 .:01 o/o .34 0 ?. .•. 444 35.4 43,.5 42.2- 1.88 1.78 5.3 .01 o/°(\ .35 0 3:·· ~37 35.9 43.9 4o.4 2.03 1.92 5.4 .01 o/o , .67 0 4. 444 36.0 44.5 39.7 2.02 1.94 3.9 .01 o/o .73 0 5. 446 35.3 46.4 40.1 1.86 1.77 4.8 .01 o/o .38 0 
·6 444 35.7 45.0 39.B__ -- 1.95 1.85 5.1 .01 o/o .42 0 ... _. 
7.• 441 34.7 44.2 41.3 1.71 1.61 5.8 .01 o/o .46 0 8 .. 442 35.5 44.8 4(}.3 1.90 1.79 5.7 .Ol- o/o .45 0 9 .• 442 35.5 46.4 40.1 1.95 1.85 5.1 .·01. o/o .66 O· 10 .• 44o 34.7 44.6 42.3 1.70 1.61 5.2 .01 fJ/0 .71 o. ~ .,..." 
Ave. 35.4 44.6 4o.6 5,'.•:z. :.52 
1,680 Hour Reading. 
Double 
1. 446 33.5 43.2 41.1 1.45 1.35 6.9 .01 b/o. .10 
' 442 44.5 42.1 1.24 1.16 6.4 Q/0 2. 32.7 .01 .51 
-
I . 3. 445 33.8 43.3 .41.2 1. 53 1.42· 7.2 .01 o/o .51 4. 445 33.8 _45.3 42.l 1.47 1.37 6.8 .01 o/o .28 5· . 446 34.3 42.8 39.8 1.60 1.48 7.5 .01 o/o .54 .. .. 
·6 .• 44-5 33.4 44.5 41.3 1.40 1.29 7.8 .01 o/o .34 
7 ... 443 .. 33.6 
. . 
42.2 41.0 1.49 1.35 9.i+ .01 o/o .21 
:;8:. 445~- 33.9 44.5 40.7 1.54 1.42 7.8 .01 o/o. .35 
-·-·· 9. 446 33.4 44.5 40.9 1.41 1.30 " 7.8 .OJ. o/o .32 
J.J)~ 445 34.3 45.2 40.0 1.64--i.53 6.7 .01 o/o .45. 
Ave .• 33.7 44.o 41.0 7.4 •. 36 
:-. 
•-c·,, ' .. 
-~ 
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, •. ..:Ji<, .. 
.16. 
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437A Life Test Results 
-
--
.. 
xK 
Tube. Ia. Ib. Gm. Mu. Eel. Ec2. 
Triple 
1. 448 35.0 ,41.7 4m.i :- l}+f4 1.63 
2. 446 35.0 43.4 42.5 1.80 1.70 
3. 440 35.7 44.2 i0-7 2.00 1.89 
4. 446 36.0 44.& 40.1 2.01 1.92 
5. 449 35.4 46.l 4o.3 1.84 1.72 
6. · 442 35.5 45.2 40.2 l.88 1.76 
7. 444 35.0 43.5 41.8 1.78 1.70 
8. 445 35.0 42.7 4o.6 1.81 , 1.71 
. 9. 445 35.·5 46.5 41.8 1.93 1.81 · 
441 34.5 44.6 43.1 1.68 10. 1.57 
Ave. 35.3 44.3 41.1 
2,016 Hour Reading. 
Double 
l. 441 33.6 43.2 41.2 .1.45 1.34 
2. 441 33.0 45.2 41 •. 1 1.26· 1.16 
3. 439 14.1 44.3 41.3 1.57 1.45 
4. 444 33.7 45.5 42.3 1.45 1.35 
5~ 44~:· 34.3 43.0 4o.o 1.61 1.50 
6. 442 33.5 44-.6 .41.4 1..39 1.28 
7. 441 33.8 41.8 41.3 1.48 1.35 
8. 
... 438 33.8 44.5 4o.9 1. §9 1.37 
9. 446 33.5 44.3 4o.9 1.41 1.30 
10. 444 .34.5 45.4 40.0 1.67 1.55' 
Ave. 33.8 44.2 41 __ ~_0 
... _ 
r 
Triple 
l.~ 443 35.0 41.9 40~2 l.78 1 .• 68 
2. 443-- 34.8 43.7 42.4 1.76 1.66 
3. 437 35.7 44.5 41.0 -1.98 1.87 
4.,, 442 35.8 44.5 40~0 2.00 1.91 
5:. ·-445 35.5 45.4 4o.4 1.86 1.77 
'6 
. ·_. 437 35.6 44.5 40.1 1.93 1.83 
7. 443 35.1 44.2 41.7 l.79 1.70 
8. 444 35.2 44.o 4o.6 l.82 1.71 
9. 443 35.6 46.6 4o.8 1.92 1.81 
10. 439 34.6 -44.6 43.1 · 1.67 1.57 
· Ave. 35.3 44.4 41.0 
17. 
.. 
-.,_ ',.__ • .;,,,.: ·I• 
. ! 
.:,...__,,;__ 
'• -.:• 
-~ . 
"··""' 
l 
l 
'lo- Icl. Thk. Cp. Ri. 
I 6.3 " ('.01 o/o .49 I I 5.5 <.01 o/o .4o r.· 
~-· 
5.5 <,01 oJo .79 ;.J l ' V ( 
4.5 ,.01 o/o .93 r. \: 1·· ), 
6.5 (,01 o/o .43 ,., ff 
' 6.4 <.01 o/o .38 r .~ V 
4.5 (.01 o/o .55 .. ;. ,~ f f:'. 
f;. 5.5 <.01 ·o;o .58 (~ Ir r 6.2 <.01 o/o .77 ~ 
- ... 6.5 <. 01 'V ,·~o/ 0 ,\l, .95. l!e (: [-.. 
r, 
~: ~ 
5.7 .63 fr'.:· :i r. 
~. 
I\ 
,, 
}~ 
·'' I,),I, 
I' 
,r 
,c 
t 
~: 
t 
1i' 
t/ 
!: 
' 
7.6: o/o .16 ;~I (.01 \';" ~· 1: 
7.9 (.01 o/o .54 :.: (l, 
7.6 (.01 o/o .49- i' ~ 
6.9 (.01 o/o .27 ( ! f 6.8 ~.01 o/o .57 I r ( 
7.9 <.01 o/o .36 t J 
8.8 <.01 o/o .24 t 'i ! 
8.o (.01 o/o .33 
7.8 (.01 o/o .32 . ' ! !, 7.2 ,.01 o/o .46 t ' I 
I. 
7.6 .37 ! I 1: 
·5.:6 ~01 o/o .62 
-5 •. 7 <.01 o/o .43 --- ; 
o/o .78 5.5 (.01 I 
4.5 <.01 o/o .95 
4.8 --·,.01 o/o .53 
5.2 ,.01- o/o .60 
5.0 (.01 o/o .59 
6.o 
"· 01 - . o/o .64 5.7 (.01 o/o .82 
6.o <-.01 o/o .94· 
5.4 .69 
.I. 
., i 
-.-..:... l 
. ') 
. I . ' 
' ' 
., . r 
' 
. ' 
.. , 
. ' ' ... 
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. · .. · .• 3, 200 Hour Re Jing. · . 
,. .. 
: .. , 
.. . . 
,· . :~. ; . . -
xK 
.. . 
. - . 
---- .. 
" 
Tube. Ia. Ib • Gm. ··Mu. Ecl·-!t . · ··Ec2. 1'--~- · · ·~ Icl .,, Ible' • ·ep •. · . Ri. . . 
Double 
-
-· 
- 447 . ·33.9 43.1 41.3 1.46 9~6 0/0- 0-1. - 1.32 <.Ol .• 09. 
·442 · 44.6 42.4 7.8 o/o · · .118 -2. 33.2· 1.29 1.19 <.01 ·0-
. 3 .• 433 34.1 44.1. 41.5 1.55 1.44 7.1 <.01 o/o . .'lt8 0 :,c,-,----,....-::,.,., •• 
1'..·. 443 · 33.6 45. 5 : 42. 5 l.41 1.30. 7.8 <.01 o/o .29 0 
5. - lt-45 34.6 41.5 40.1 1~66 1~54 7.2 (.01 o/o .56 . 0 .. 
'I>.,; 
' 6. .-JAA 33.2 · 44.7 41.7 1.33- 1.21 9.0 <.01 o/o :26 0 
7. 411-3 34~1 40.·2 41.4 1.51 1.36 9.9 <,01 o/o .• 16 0 
·a. · .···441 3317~ 44.2. 41.4 1.45 1.34 1~6 <.01 o/o .23 0 
, ,9 •. 446 33.6 42.3. 41.2 1.39 1.27 8.6 < .01 o/o .34 0 
.,.. 
~10. 446 34.8 4~/ft 4o.2 . 1.71 1.62· 5.3 (.Ol o/o. .39 0 
~ 
-Ave. 33.9 43.6 41.4 8.o .33 
Tril)jle ,1 
·-- ··;::i 
. 
1. 444 35.0 41-. 7 4o.5 1.75 1~65 5.7 {.01 o/o .53 0 
2. 438 34.5 43.0 42 .. 5 1.63 1.53 6.1 <.01 o/o .34 0 
3. ·442 35.7 44.6 41.3 1.93 1.83 · 5.2 · (,01 o/o .74 0 
4 •. 444 35.7 45.3 40.1 1.95 1.87 4.1 (.01 o/o .92 0 
5•: 442 35.3 44.9 ·40.4 1.85 1.74· 5.9 (.01 o/o. . 57. 0 6 ,. 440 35.5 45.6 40.3 1.93 1.84 4.7 <.01 o/o · .54 0 ..• 
-
7. 439 35.1 43.9 42.3 1.79 1.70 5.0 (.01 o/o .49 0 •'!.,• 
8. 439 35.5 44.3 !1:9 ;·6 1.9J 1.79 6.3 <,!01 o/o .63 0 
9. 443 35.7 46.6 40.7 1.93 1.84 .4.7 ( .01 o/o .81 0 
10. 438 34.3 44.5 43.4 1.64 1.55 5.5 < .-01 o/o .80 0 
35.3 44.4 41.2 5.3 .64 
~,570 Hour Reading. 
Double 
42l. 5 . 1. 444 33.8 41.6 1.44 1.33 7~6 < .01 p/o· .13 
... 
· ·443 43.6 42.8 1.24 8.2 o/o .58 2. 33.5 1.35 < .01 
3~. 441 34~:3 44.6 41.9 1.59 1.48 6.9 < .01 o/o. .58 ·-'.._:. 
. J.11~ - 444 33.6 45.3 42.9 1.36 1.25 8.1 < .01 o/o .28 
5. 447 _ 34.8 39.7 40.3 1.69 1.54 8.9 <·01 o/o ~. .63 
- 6. 444 33.4 44.5 42.7 1.33 1.21 9.0 < .01 o/o .32 
- 447 34.1 36.8 42.1 1.56 18.6 o/o .36 .. · 7.• 1.27 ( .Ol 
8. 443 33.7 43.1 42.3 1.41 1.27 9.9 ~ .01 o/o .34 
9. 446 33.6 _39.4 41.4 -1.41 1.2~ 11.4 { .01 o/o .42 . .. ~. 
-- 1e. 446 34.8 44.9 40.7 ~ .• 72 1.6o 7.0 ,.01 o/o .42 
-· 
.,.- . 
1·. Av~. 34.o 42.4 41.9 8.-6 .41 
--
...... ,,,, .. 
. 
--.-18. .. 
·~ 
..... 
-. t, . . . ~·' ' .... 
. . .
. 
'' .. I : ,:. ,•• 
...... • ..: •.. ~ .. l 
.. 
. . 
' ' ·-·-·---·-·------··· . 
. ' 
.. .... 
:,,, 
. '. .. --.:__ 
... 
, ·--,-·: ...... -- . 
. . 
-
. '. ' . 
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. . '! • 
... . 
-
xK 
. . 
Tupe, Ia. . Ib. Gm.· Mu .•. Eel.· Ec2 • cfo Icl_.· Thk ... Cp •. ·Ri. 
-- ---- .. 
-
·--------- -- --
Triple 
1. 443 35.1 ·4o.8 41.0 1.77 1.66 6.2 (.01 010 ·- .63 
2. -~445. 34.4 · 42.·7 42.7 1.61 1.49 7.4 ,.01 o/o .4o. -.-~,·· r.' 
··~ 3. 442 35.6 43.8 41.7 1.92 1.81 5.7 (.01 o/o .81 ,, 
4. 438 35.6 44.2 4o.4 1.92 1.83 4.7 <.01 o/o .94 
-
5 •. 443 35.5 43.4 41.6 1.89 1.76 6.4 <...01 o/o .63 
- J'. 6. . ·438 35.7 44.8 40.·7 1.94 1.83 5.7 (.01 o/o . 27 
·7. 433 35.0 43.2 43.2 1.77 ·1.66. 6.2 < .01 o/o . .r;5m_ .~ 
8. 443 35.9 43.4 -4o.9 1.98 1.85 6.6 <.Ol o/o .71 
9. 446 35.3 44.7 41.3 1.83 1.72 6.o · <.01 . o/o .92 
10. .443 34.8 44.o · 44-.1 1.68 1.57 6.6 ( .01. o/o .81 
~ ·r-,_- • 
..a.' --- • 
Ave. 35.3 43.5 · 41.8· 6.2 .70 
., 
.5,000 Hour Rea~ing. 
- ~ Doubl.e '':~ 
1. 445 33-·1 42_,7 41.9 1.45 1.33 8.3 .01 o/o .09 ~Q 
2. 442 33.5. 43.9 42.9 1.a5 1.23 8.9 (.01 o/o .27 0 
3. 443 34.4 44.9 41.9 1.60 1.49 6.9 (.01 o/o .28 0 
4. 446 . 44.8 42.8 1.34 1.24 <.01 
-
o/o: .14 o· 33.5 7.5 
5. 444 34.6 4o.4 4o.5 1.68 1.53 8.9 ~.01 .o/o .34 0 
6 •. 442 33.4 44.5 43.0 1.30 1.19 8.5 • 01 o/o .17 .. 0 
-
7 • 445 34.2 37.7 42.1 1.58 1.38 12.6 <.01 o/o .19 · 0 
.. • 
-
.. 8.;_ 445 33.5 43.1 42.5 1.37 1.24 9.5 (.01 o/o .14 0 
9. 444 33.6 38.6 41.3 1.40 1.23 12.2 (.01 o/o .23 o· 
.. 443 34.8 44.8' 40.7 1.69 1.58 6. 5 - o/o .21 0 ,10. <.01 
1 
-·-· --
. , Ave • 33~·9 42.5 42.0 9.0 . 21 '"'°'' 
T~iple ,. 
.. 1. 447 35.4 38.7 40.0 1.88 1~74 7.4 <.Ol o/o .34 0 
2. 446 34.5 42.q 42.9 1.60 1.50 6.j ,.01 o/o .23 0 
3. 443 35.7 44.3 41.9 1.93 1.82 5~-7 <.01 o/o .40 0 
4r~ ' 445· ·35.7 44.5 41.5 1.95 1.85 5.1 <.Ol o/o .47 0 
--
-~. 445 35.6 44.3· 41.1 1.93 1.81 · 6.2 .... ( .01 o/o .34 0 . 
.. 6. 442 35.7 45 .-3-, 40.7 1.94 1.84- 5.2 (.01 o/o .34 0 
7.- 444 35.1 43.5 !:l:1~0 · 1.80 1.70 ~ 5.6 <~Ol . O/o .36 0 
C:.• .8. 443 35~8· 43 .. 9 41."o 1.98 1.86 6, .. 0 (.01 o/o .39 0 
9~· 444 35.3 45.0 -41.1 1.85 1.75· 5·.4 (.01 o/o .46 o_· 
10 . 441 34.7 44.2 44.l 1.68 1.57 6.5 ~.01 o/o .41 0 
. ,·: 
" Ave. 35.4 43.6 41.7 5.9 .37· ·O -: 
-
. 
. ~ 
....... 
; .:~·.1 
19. 
Ip'/," 
f 
I\) 
Q. 
• 
• 
•.·• -. c:---. c-. ------------.... ------------
I • 
·' 
Week 0 
Hours 0 
Date 1/31 
\ 
Ib Double 33.6 
Triple 36.1 
\ Gm Double 44.l 
Triple 45.8 
· .• r· Mu Double 4o.4 
Triple 40.2 
Double 8.7 
Triple 5 .. 5·: 
-Cp Dpuble 
-~f3 
Triple .47 
_. 
~ I) 
Ri'Double 0 
Triple 0 
·J. 
I. 
I 
.. 
1 
437A Life Test Results - · S,nnmary o:f Averages 
Double Carbonate ve·rsus Triple Carbonate 
l. .· 2 
1.68· .3.36 
2/7· 2·/14 
3 3 .• 8 .. ~) _" . 3 3 • 7 
35.8 35.8 
·45 • o .. 41'-99 
45: .• 5 45 .4 
4o· .• 2 40-.• 3. 
·40.·:~ 1 ·40 /4.. 
6:;.·8. 6., ... 8 
:4 .•. 9· -4:.•·7 
-
.• ·25 
·!:50 
.... 
3 
504 
2/21 
33.8 
35.6 
44.,-7 
:45 .• 3 
. ._ .. 
.40.5· 
40:.5' 
:e.·.:1 
4 ..•.. 6 
.• gs. 
~:5·a: 
:,()' 
.o. 
4 
672 
2/28 
33.8 
35.6 
44.6 .. 
44.9 
4o.6 
4o.6 
6.9 
.5 •. _o 
.:2i4 
·.4.5·: 
-
5 
·840 
3/6 
33.-7 
35 •. 6. 
44.,6. 
45.0 
40~7 
40.6 
6.6 
5.0 
.22 
.43 
-· 
6 
1~·ooa 
3/13 
33.8 
35.6 
44.5 
44.6 · 
41.0 
41.1 
7.1 
5.2 
.·31 
-. _-- .. -
.• ·52 
0 
·o 
io· 
1,~o 
4/10 
33.7 
35.3 
44.o 
44.3 
41.0 
41.0 
7.4 
5 •. 7 
•. 36· 
'··6·· ... 
·3 
·• - :, --
-
1' 
-~ 
- . I 
i . 
l I 
! ; 12 18 27·, 30 I 2,016 4,570 -. I 3,·200 5,000 I 
~ : t 5/6 6/25 8/23 9/1r2· ~ 
, I 
i 
,, ..... t 
39.8 r 33.9 34.o 33.9· I 
' 
- li I 35.3 3·5.3 35.3 3,.4 f 
- ' I 
r 44.2 43.6 42.4 42.5 
44.4 44.4 43.5 43.6 ~--· I _,,!: _, 
' f 41.0 41. 14 41.9 42.0 
.-.- ,,: 
t 41.0 41.2· 41.8 41.7 . "-. - ! 
I 
7 .6. B.o 9.6 9.0 '. ' .. -- . 
I 1 5.4 6.3 . 5.3 5.9 
! • 
.··.37 -.33 • 41 .21 
.69 .64 .10. .37 
' 
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8-13-68 .. .,. 4·4, 
8-23-~ 148 
8-29-68 167· 
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436A Double Carbonate 
, Shop Test Results 
Transconductance 
High Mid Low 
Cell Cell Cell 
6 .88 
7 99 
:2. 8l 
6·' 48 
16 
9: 
40 :st5: 
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8 ·13: 
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4 36A Triple Carbonate 1 
Shop Test Results 
Transconductance- 7 
Higb. Mid tow,·. 
Cell Cell Cell °fo Re-ages 
7 91 66 11.4 36 142 8 14.7 24 79 9 15.5 5'4 2651 ,26 4.8 5+ 95 27 4.7 
.'_8 59 28.3 
7 35 3.6 19 38 . ~ . . : ·3· 
19 202 12.' 4.4 
109 210 11. 13.5 
9 55 3 31.8 
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10. 221 ·2· 31.0 ..' .. ,- -. 17 33 \: :6 21.7 
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, 4- 5-68 343 286 . to. 4- 8-68 314 224 CX>. 
' 4-15-68 292 ~213 4-19-68 163 111 6- 3-68 35 21 6-17-68 154 118 8- 2-68 79 73 
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..157 8--12-68 lo8 103 8-20-68 263 23.3: 8-22-68 101 89" . 
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437A Double Carbonate 
Shop ,Test Results 
Transconductance 
Low High 
Cell 
4 
Mid 
Cell 
57 
71 
15 
:14 
Cell % Re-ages 
.17 
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1 
18 
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103 
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5 
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223 
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130 
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15 
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52.4 
16.0 
25.9 
19.1 
9.3 
16.8 
11.3 
11.4 
·23.6 
24.3 
11·.7 
37.1 
14.3 
1.3 
l.2 
0.9 
. . 
·18.:5 
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-6.2 
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83.9 
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Lot Total Good ·'.i 
4- l-68 34 26 . 
4-11~"68 J 49~, 436 
5- 9--68 45 39 5-10-68 543 45i2 
• 5-29-68 48·. 4i7 
6 ... 3-68 ~71 412 
< 6- 4-68 151 138 I 6-11--68 75 67 .,. ro· 6~12-68 426 360 \0 ~ 
• 6-17-68, 188 164 6-21-68', 373 318 6-g5-68 171 149 
· 6-27-68 182 164 
7- 2-68 143 122 
7- 9-68· 141 131 
7-ll-68 145 l33 8- 5-68 49 46 
Totals .'3,684 3,204 
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437A Triple Carbonate 
Shop '!'est Results 
Transconductance 
High Mid Low 
Cell Cell Cell <fo Re-ages 18 ·8 14.7 
252 184 4.4 
.24. 15 11.0 
2-16. 23_6: 12.0 
1~ 2_5 2.1 
10 _·309: ·9·3 8.7 92 ·4.6: 12.5 
20 36 =11 2.7 
199 94 ·77' 5.6 
51 lll l 1.0 
190 98 3·0 2 •• 83 53 0/3- 2.3 55 63 39 0.5 
77 28 17 
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2.8 68 :·50 J .. 3 0.7 
38 ·. ·.··' 2.1 70 25: 
5 39 2 2.0 
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.... _ 
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Total Good 
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25 
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15 
158 
l02 64 
132 46 
35 15 
29 8 -, 
35 28· j 
239 i,9..5:. 
57 4 .. 3 
l53 8.5 
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38 22 
.. 1,392 888 ' 
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~48A Double Carbonate 
Shop Test Results 
r. 
Transconductance 
High 
Cell 
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I ,.•. ' 
·1.4 
:go. 
4() 
.. 5l1-· 
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-Carbonate 
· Mix-
Total ·- ' . 
First 
Test 
- Transconductance · 
Distribu:tion 
High Mid Low 
Percent 
Re-ages 
Double 
• Triple 
_ Doub+e 
Triple 
Double 
Triple 
Tested 
·l 
1,816 
2,394 
4,492 
3,684 
1,392 
2,332 
Good 
1,067 
- 1,939 
3,371 
- 3,204 
888 
1,669 
Yield 
58.7% 
81.0% 
75.1'1, 
87.01, 
63.81, 
71.·6"/, 
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1i.3 
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33~0 
24.3 
Life ·Test Results 
Origional L_;lfe Lot 5,000 Hours., 
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Mr. Russell W. Ecltert was born in H~llertown, Pennsylvania on 
Oc~ober 17,1922, the son of Mr. and Mrs. EJlwood T. Eckert. He 
graduated from Hellertown High School,Hellertown,Pennsylvania in .May· 
194o. He served in the armed forces from 1942 to 1946. He received the 
-
· .Bachelor of Science Degree fii Electrical Engine~ring from Lehigh 
-
University in June 1950. After graduation he joined Westinghouse Elec.tric 
C ... :,~-- . 
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Corporation a·s a Design Engineer in the Lamp Division. In 1952 he joined . 
. 
Tung-Sol ElectEic as a Product Engineer in their Tube Division. From 
. 
1957 to the present date is serving as a Senior Engineer in the Electron 
and Gas Tube Engineering Department at the Western Electric Campany in 
Allen.town,Pennsylvania. He and hi.s wife the formen Miss Joyce Bond reside 
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in Bethlehem,Pennsylyania with their daughters. 
.• 
... 
-· .-·---
._.;:.-. 
--· 
_i ,, 
... 
•.. 1 
